abstract: Our paper empirically examines how the decision to purchase private insurance and hospitalization are made based on household income, socio-demographic factors, and private health insurance factors in both Japan and the USA. Using these two data-sets, we found some similarities and dissimilarities between Japan and the United States. As income of households rises, households have a positive effect on purchasing health insurance as a normal good. Another similarity between the two countries is seen in the income effect on risk of hospitalization, which is negative for both Japanese and US cases. For dissimilarity, the insurance premium effect on risk of hospitalization is positive for the Japanese case, while negative for the US case. Since the Japanese insurance data had variables such as payments per day of hospitalization if household gets hospitalized, insurance payments upon death of an insured person, and annuity payments at maturity, we tested to see if these characteristics affect the risk of hospitalization for households; we do not eliminate a possibility of adverse selection. For the US pure health issuance characteristics, an increase in premium of health insurance policies cause individuals to substitute more health capital investment which causes lower risk of hospitalization.
The four scholarly authors specialize in research subjects relevant to health behaviors and health economics. in this study, the authors examined how health behaviors, i.e. utilization of hospital services, are related to an increase in health insurance premiums and associated with the purchasing "hole" of health insurance. The incentive behaviors of purchasing health insurance are based on the status of an individual's health and illness. Furthermore, the adverse selection connected to health insurance arises when information gap of health status exists between consumers and insurers. Thus, a disproportional number of high-risk consumers use more healthcare services, leading to higher premiums. This effect creates an incentive to low-risk consumers to drop out or to look for another health insurance policy. The focus of this study does not reject the possibility of adverse selection in the US and Japan. however, the study relates to the recent Obama healthcare Act of health insurance registration and individual behaviors influence on purchasing health insurance and health insurance companies' management decision.
pUbliC inTeReST STATemenT
The rapid increase in health insurance premiums and healthcare costs will raise the financial burden on consumers, namely health of population and government budgets. For example, the financial burden on consumers is associated with the steady hike in income taxes. Purchasing health insurance affects individuals' behavior in three ways: [1] an increase in access to healthcare services and an improvement of health; [2] an insurance coverage of giving incentives to maintain healthy behavior and healthy lifestyle; and [3] an encouragement of preventive care. These factors will raise individuals' health status and overall health capital; thus, expanding life expectancy, and increasing economic activity. Increasing private health insurance premiums result in a risk of hospitalization in Japan's national health insurance, since private health insurance policies have unique features such as payment of per day hospitalization, annuity payment of maturity, etc. However in the US, an increase in healthcare premiums cause individuals to substitute more health capital investment to improve health and lower the risk of hospitalization.
introduction
Uncertainty in earnings results from the uncertainty in the health of the individual since the length of the working period in an individual's lifetime is determined primarily by his/her health stock (Grossman, 2007) . As such, the healthier an individual is, the higher his/her labor earnings are. if this is true, individuals may invest more of their health stock because they expect a longer working period (i.e. prolonged economic activity). it follows that individuals with poor health may have more incentives to buy health insurance in order to improve productivity relative to those in good health with a given income. Thus, the former may be more willing than the latter to purchase insurance policies for their family members to avoid a sudden loss in labor earnings, ceteris paribus. Therefore, uncertainty in the state of health does affect the individual's purchase decision on insurance policies as well as the decision on the rate of saving. previous research shows individuals purchase more health insurance and preventive medicine when they are uncertain of their state of health (Doiron, Jones, & Savage, 2008; nordquist & Wu, 1976) . Sometimes, insurance works oppositely. liljas (1998) shows that social insurance against income loss makes individuals tend to have a smaller optimal health stock under uncertainty. Furthermore, preventive medical care lowers the probability of health loss (heiss, mcFadden, & Winter, 2009) . Similarly, high uncertainty surrounding the incidence of illness increases the demand for medical care (Dardanoni & Wagstaff, 1987; picone, Uribe, & Wilson, 1998; Rice, lavarreda, ponce, & brown, 2005) . if health investments are made at an early stage of an individual's life, medical expenditures may even be lower as he/she gets older (Cropper, 1997; Yamada, Chen, Yamada, Fahs, & Fukawa, 2006) . Wealth, or accumulated savings, also plays an important role in reducing uncertainty in the state of health of individuals. individuals with higher endowments of financial capital invest more in their health than those with lower endowments (Dardanoni & Wagstaff, 1987; poletti et al., 2007) . in contrast to the multiplicative shocks in Dardanoni and Wagstaff (1987) , if the utility function exhibits decreasing absolute risk aversion, additive shocks surrounding the health capital function give a negative income elasticity of health investment (Selden, 1993) . longevity, reflecting an improvement in the state of health, is influenced more by wealth rather than by current income with respect to decisions on saving, on insurance purchase, and on health investment (ehrlich, 2000; ehrlich & Chuma, 1990) . in addition to savings and life insurance, an individual may choose to purchase an annuity in anticipation of the retirement period and self-employed status (ehrlich, 2000; heim & lurie, 2009) . in a choice between health investment and saving, individuals invest more of their income on health rather than saving if marginal returns to health are higher than the returns to saving (Chang, 1996) . Furthermore, this health investment behavior is neither independent of the decision to purchase health and life insurance policies and medical services nor the individual's attitude toward risk (Doiron et al., 2008; heiss et al., 2009; Kessler, 2008) . health uncertainty has been treated more theoretically than empirically in the literature. For instance, the number of theoretical papers on the uncertainty in the stock of health capital dominates empirical studies. in particular, we find few empirical studies that explicitly deal with the decisions on health investment and life insurance policies under an uncertain state of health related to the wealth of the household. in this experimental study, we aim to provide empirical results on the issue of how the decision on health investment relates to purchasing health insurance policies in the household while incorporating the wealth of the household. The next section briefly reviews the data-set from the National Survey on Life Insurance used for this empirical study. in Section 3, we present our analytical framework of household/consumption behavior in the context of a von neumann-morgenstern utility function and selected issues in comparative static analysis. Section 4 gives the empirical results of the bivariate model of health and life insurance equations. The summary and conclusion of this study are reported in Section 5.
Discussion of the Data-set and Background
The data-set used in this study comes from the survey in the National Survey on Life Insurance: Fiscal Year 2000 (Seimei hoken ni kan sum Zenkoku Jittai Chosa: heisei 12 nen-do, in Japanese; hereafter NSLI). The survey was based on 6,500 households throughout Japan and conducted by the non-profit organization life insurance Culture Center from may to June 2000. About 4,657 households responded and provided answers to the survey. life insurance policies in Japan have a variety of attractive features for consumers other than the benefits claimed if an insured person dies. One of the attractive features is the monetary supplement paid out on a per-day basis if the insured becomes hospitalized. As mentioned earlier, since individuals with insurance for health or against loss of income tend to have individual stock of health lower at optimum than those without them, households with more life insurance policies may alter their incentives in health investment. Since Japan has a comprehensive health insurance system directly administrated by the Japanese government, various health insurance policies in Japan are run by different private organizations (Yamada & Yamada, 2003) .
in this survey data-set, 73.1% of the 4,657 household heads have private insurance (hereafter insurance) policies; 51.1% of spouses also have insurance policies. There are basically three types of organization selling insurance policies in Japan: private firms, public postal offices, and Japanese Agriculture Cooperation (JA). Of the 4,657 households, 87.9% of household heads have insurance policies from at least one of these three institutions. The mean number of insurance policies held by the households with insurance policies is 3.1 policies, while the means for the household head and spouse are 1.6 policies and 1.3 policies, respectively. The mean payment at the time of maturity for household heads who have insurance policies is 67,900 dollars (6.79 million yen: 1 dollar = 100 yen) and the mean insurance claim upon the household head's death is 256,100 dollars (25.61 million yen). The exchange rate was about 100 Japanese yen per US dollar in early 2009. here, we use 100 yen per dollar for brevity since the exchange rate changes daily; the numerical simplicity of $1 = 100 yen makes it easier to translate from dollar to yen and vice versa. On the other hand, the payments for household spouses are 42,200 dollars for maturity and 107,900 dollars for death claims. These statistics show households hedge more heavily against the sudden loss of earnings of household heads rather than spouses. An interesting statistic from this survey is that 29.6% of the households that have private life insurance policy claims for hospitalization and/or medical operations benefitted after they had bought private life insurance policies.
The average number of private life insurance policies per household in different household wealth categories are: wealth category 1: less than $10 thousand (683 households); wealth category 2, $10-50 thousand (1301 households); wealth category 3, $50-100 thousand (862 households); wealth category 4, $.1-.2 million (641 households); wealth category 5, $.20-.3 million (335 households); and wealth category 6, $.3 million and over (400 households). We grouped households in each household wealth category into two groups: the "hospitalized" and the "not hospitalized" households. hospitalized households represent the households which have received payments from private insurance companies because family members of the households were hospitalized and/or had medical operations. not-hospitalized households represent all the other households other than the hospitalized households. The average number of insurance policies per household is 1.81 policies in wealth category (less than $10 thousand). As the wealth category increases, the average number of private life insurance policies increases. households in the highest wealth category $.3 million and over have 3.13 polices, showing that wealthier households hold more private insurance policies. in contrast, the average number of insurance policies held by hospitalized households is larger than those of not-hospitalized households across different wealth categories, although not-hospitalized households follow the tendency of increasing number of polices as wealth increases. For example, the averages for hospitalized and not-hospitalized households in the wealth category less than $10 thousand are 2.07 and 1.73 policies, for wealth category $.1-.2 million are 3.13 and 2.41policies, and 3.51 and 2.91 policies for wealth category $.3 million and over, respectively.
Average insurance premiums per year paid out by households are slightly larger among the hospitalized households than the not-hospitalized households across all wealth categories. The difference in the average premiums between the two groups is about .3 (=1.27-.97, or $300 per year) for wealth category 1. The differences narrow to .01 for wealth category 5 ($200,000 ~ under $300,000) and .14 for wealth category 6.
We illustrate how these two groups differ in the payments received from the private insurance companies for each day of the hospital stay should the household head become sick, injured, and/or hospitalized. The per-day average payment ranges from $52.6 for hospitalized households in wealth category 1 to $75.6 for wealth category 6. in contrast, the per-day average payment range for nothospitalized households is $44.9 for wealth category 1 to $60.5 for wealth category 6. The largest difference between the two groups is $17.1, in wealth category 2 ($10,000 ~ under $50,000). The average difference in the average payment is $23.0 from wealth categories 1-6 for the hospitalized household group, and $15.6 from wealth categories 1-6 for the not-hospitalized household group. These statistics illustrate that hospitalized households bought insurance policies with higher payments for hospital stays when they purchased insurance policies than the not-hospitalized households. For both household groups however, wealthier households expect higher payments if their family members get hospitalized than less wealthy households.
From this, we observe three patterns. First, wealthier households have more insurance policies than less wealthy ones. Second, wealthier households pay higher insurance premiums than less wealthy ones, probably indicating that the former choose better insurance policies than less wealthy ones. Third, households in which the head-of-household was hospitalized bought insurance policies that paid more than policies held by households with no family member hospitalizations.
based on the preceding patterns, we might say that households whose family members face higher risks in becoming sick in the future buy more and better insurance policies than those households who expect lesser risks of sickness. This is partially a typical phenomenon of adverse selection due to asymmetric information between insurance holders and providers. Alternatively, households who had bought more and better insurance policies faced higher risk of sickness among their family members due to a lack of incentive to maintain good health than those who had bought fewer insurance policies with fewer benefits. This second explanation reflects the moral hazard problem to some extent (Cutler & Zeckhauser, 2000) . in this study, due to limitations in the available data, we were unable to identify which proportion of hospitalized insurance holders received monetary payments from insurance companies due to moral hazard or adverse selection. Thus, in order to avoid omitted variable biases, we included a variable on the probability of becoming sick as an explanatory variable in our empirical regressions. however, it is highly possible to theorize and estimate these aspects of individual behavior if provided with adequate data-sets to test the hypothesis.
analytical Framework

Theoretical Model
This section presents the analytical framework used to analyze the household decision on health investment and the decision to purchase private insurance policies. We assume that a representative household i faces a higher risk of sickness if the household has a smaller health stock; the household maximizes its expected utility by allocating labor earnings among health investment, life insurance policies, and other consumption. We show how the households differ in their behavior against uncertainty in life in terms of their decision on life insurance policies differentiated by levels of wealth. Gärdenfors and Sahlin (1988) differentiate "risk" from "uncertainty" since these words reflect different degrees of partial information on the probability distribution of an event in question. We use the word "risk" pertaining to sickness, while the word "uncertainty" is generally used throughout the study so that the words are used less strictly than the ways defined by Gärdenfors and Sahlin (1988) .
The representative household i accumulates labor earnings in period 1 and appropriates a fixed proportion of these earnings to period 2. As previously mentioned, it is more insightful if the rate of saving is endogenous in the household decisions. The lack of data on saving precludes this in the current empirical study: the model assumes saving to be exogenously given. notwithstanding the lack of data, an endogenous decision on saving makes the formulation highly intractable, at least at the theoretical level.
in the first period, the household faces a probability of loss in labor earnings when it faces health uncertainty because illness or hospitalization causes a loss in earnings. however, since illness and/or hospitalization interfere with earnings, the household receives payment for medical expenditures from the insurance policies its holds. Therefore, the net loss for the household due to sickness and/ or hospitalization is not the entire amount of forgone labor earnings minus the insurance payment received for hospitalization.
in period 2, income comes only from the savings made in period 1 plus the applicable interest. The household faces two uncertain outcomes at the end of the first period: either the household head may have died at the end of period 1 or not. The probability of the household head's dying is subject to the amount of health investment made in period 1. Should he die at the end of period 1, death claim benefits from insurance policies accrue to the remaining family members in the household. These family members are, however, not explicitly specified in our model. Should the household head continue to live in period 2, the entire household would receive annuities as the insurance policies mature. now, let us provide a formal presentation of our model. We extend the model of Sheshinski and Weiss (1981) , which examines the annuity aspect of social security to an issue in health economics of life insurance and moral hazard.
3.1.1. First-period Consumption in our theoretical model, a household is a single economic entity, although a household consists of more than one family member. Furthermore, a household is assumed to be synonymous with the household head. This assumption is made for at least three reasons. First, households normally buy insurance policies for the working household head to avoid an interruption in labor earnings. Second, we can easily extend our basic model to other members in the household. Third, this assumption makes our model much simpler than a case of all household members facing different risks in the state of sickness; the latter provides very little marginal insight in the model in exchange for its complexity. A representative household i has the following consumption equation:
where F H (H) is a probability distribution function of the random variable H i , i.e. health stock of the household, and 1 − F H (H i ) is the probability of the household to become sick and hospitalized. health stock of the household is specified as 
The probability distribution function of the random variable stock of health H is then defined as
f H (t)dt, which represents a proportion of healthy time of the household when the household works in the labor market in period 1, and f H (H i ) is a normal probability density function of the health stock of the household. The household has a standardized random variable of z H =
Other factors in equation 1 are defined to be as: y is labor earnings of household i in period 1; s is a proportion of labor earnings to be saved in period 1 and 0 < s < 1. We assume no saving is made if the household is hospitalized. horioka (2002) makes an excellent discussion on various aspects of the individual's behavior toward saving, annuity, and welfare of other family members. is a proportion of life insurance coverage for hospitalization costs of the household i, 0 < < 1; P 1 is the insurance premium per unit of insurance policy; I i is the number if insurance policies bought by household i in period 1; P h is the unit price of health investment; and h i is the quantity of health investment made by household i in period 1.
Second-period consumption
if household i survives to period 2, the household enjoys consumption c 2 . The household's budget would consist of savings from period 1 plus interest and annuity payments A i accruing at the maturity of insurance policies. The annuity payment is a proportion of total insurance expenditures A i = P I I i ,0 ≤ < 1.
insurance policies recently have an annuity characteristic at maturity. if λ = 0, the insurance policy does not have an annuity payment. Also, λ should not exceed 1 since the insurance policy provides service as security to the household and the insurance companies pay benefit claims if the household dies.
(1)
The consumption in period 2 may be specified as follows:
where R = (1 + r), in which r is an interest rate, 0 < r < 1. For simplicity, we assume that the head of household i retires from the labor market in period 1.
On the other hand, if household i dies at the end of period 1, the other family members j, j ≠ i, have consumption c j 2
in period 2. The budget consists of savings with interest after inheritance tax and insurance payments due to death of household i.
where B i is insurance payments from insurance companies when the household dies at the end of period 1 and is a proportion of total insurance expenditures
is the probability of the household's death at the end of period 1, the life insurance policy is actually fair:
. if there are running costs for insurance policies, we can extend the equation by setting B i = ΨP I I i − , where is running costs. So, it will be reasonable to assume:
. And, t in equation 3 is an inheritance tax rate, which is levied on the wealth, i.e. F H Rsy. inheritance tax is levied not only on inherited wealth but also on insurance payments accruing from death claim benefits of an insured person in a household. Tax exemption in the case of inherited wealth is for the first $500,000 plus $100,000 multiplied by the number of legal heirs, beyond which the inheritance tax scheme is applied. Tax exemption insurance death claims is for $50,000 multiplied by the number of legal heirs, beyond which the rest of insurance claims will be included into the inherited wealth, on which inheritance tax is levied.
The additively separable expected utility function of household i over two periods such as t = 1 and t = 2, is given as:
where is the discount factor of other family members j's utility, v c 
Concerning the survival probability of household i, F Θ (H i ), at the end of period 1, we define a random variable of life uncertainty Θ, whose probability distribution function is
is a normal density function of health stock H i such as Θ i = 0 + 1 H i , the density function of life uncertainty can be specified as
clumsiness, however, we assume 0 = 0 and 1 = 1. Thus, we have
H ). These strong assumptions on the survival probability of household 
).
where L i represents the loss in household i when the household dies.
where 
2 , and 0 ≤ < 1. We assume the determinant of hessian to be a negative definite: The restriction will also allow a positive income elasticity of the demand for insurance policies, whereas a positive income elasticity of the demand for health capital investment is obtained without it. in subsequent presentations, we mainly focus on the effects of parameters of our interest on health capital investment since the effects on insurance policies are mostly symmetric.
Coverage for Hospitalization Costs: α
First, let us see how an increase in coverage α of hospitalization costs affects the household behavior of health investment. Our comparative analysis shows the effect of the coverage on health capital investment is negative:
where
which is called absolute risk aversion (Sydsaeter, Strøm, & berck, 2005) .
A higher coverage (or compensation) of hospital costs from insurance companies will make life insurance policies more attractive and give less incentives for health investment, so that the demand for insurance policies rises but the demand for health capital investment decreases. in other words, if household i buys insurance policies that provide more generous compensation against a loss of income due to hospitalization, the insured household will have less incentive to keep oneself healthy. Then, the negative effect of coverage of hospital costs on health capital investment may look like a moral hazard phenomenon, but the effect in our model is typical of rational behavior exhibited by the insured household.
On the other hand, if we explicitly treat moral hazard in our model by re-formulating F H (H i ) as
, of which we assume
analysis also shows the same negative effect of on h i , i.e.
EV i I i
> 0 and
Therefore, strictly speaking, we consider it unidentifiable to observe a moral-hazard-free effect of coverage of hospital costs α on health capital investment based on an estimated coefficient of the variable on coverage of hospitalization costs α in our empirical specification. . A higher annuity payment for the household's retirement will induce the insured household to increase health capital investment and enjoy the annuity. This is reasonable, since the individual invests more in health capital so that the individual faces a lower risk of illness, i.e. a longer working period and less uncertainty of dying at the end of the first period, and is consequently able to receive the annuity. if insurance
Annuity and Insurance Payments
policies have better annuity characteristics than death claim benefits, the household would consider health capital investment substitutable for insurance policies and might save more in expectation of a longer retirement period. As far as effects of saving are concerned, we have
Saving (or wealth accumulation) seems to lower health capital investment. however, the comparative static analysis of the negative effect of s on h i is not definitive so we must wait for the empirical result.
While the annuity characteristic of an insurance policy is preferable as a means of saving for households, the incentives for households to buy more insurance policies will not be too large. There are a couple of reasons why this may be so. First, as mentioned earlier, since the tax exemption for insurance payment upon death of an insured person is only up to $50,000 multiplied by the number of legal heirs, this amount is significantly much smaller than the tax exemptions for inherited wealth for the first $500,000 plus $100,000 multiplied by the number of legal heirs. Therefore, sooner or later, households may seek other means of saving other than having a large number of insurance policies. Second, if households buy insurance for the purpose of receiving an annuity, the interest rate used for the calculation of annuity payments at maturity will be much smaller than those on other types of saving since insurance policy provides psychic services (i.e. relief) to insured households and other household members against sudden death of the insured individual.
Concerning the effect of insurance payments B i on health capital investment, the comparative static analyses give . These results imply that better insurance payments will give fewer incentives for the household to make health capital investments, while giving more incentives to purchase insurance policies. The absolute risk aversion of other household members is larger than the ratio of labor earnings of household i to insurance payments, whose value seems to be less than one. putting it differently, as insurance payments increase with insurance premiums unchanged, more households are willing to buy insurance policies. 
Depreciation Rate of Stock of Health and Initial Stock of Health
Summary of the Comparative Static Analyses
by using a comparative static analysis with minimal assumptions, we have shown the following:
(1) labor earnings have a positive effect on health capital investment. in other words, individuals with higher income face lower risk of illness than those with less income.
(2) A recent popular aspect of life insurance, such as monetary compensation from insurance policies, gives incentives for individuals to invest less health capital investment, which is a reflection of moral hazard.
(3) health capital investment may be a substitute and also wealth accumulation.
(4) insurance policies with more annuity characteristics induce individuals to buy those types of insurance policies and to have higher health capital investment.
(5) life insurance policies with more annuity characteristics are a substitute for saving.
in short, we are proposing that health capital investment of individuals is intertwined with savings, wealth accumulation, and purchase of insurance policies with annuity characteristics. in the next section, we present our econometric model to test our proposed hypotheses.
Empirical Model
The primary interest of the current study is the analysis of individual behavior regarding life insurance policies and the event of hospitalization. The three observed situations may be enumerated as follows: (1) not buying insurance policies and then being hospitalized, (2) buying insurance policies and then not being hospitalized, and (3) buying insurance policies and then being hospitalized. Therefore, we use a truncated bivariate probit model to evaluate the effects of the socioeconomic characteristics of individuals on the probability of being hospitalized, given individuals bought insurance policies. To be more precise in testing the primary hypothesis on the interactions among the decisions on health investment, purchasing insurance policies, and saving, a savings equation included in the model would be more appropriate. however, the lack of data on the rate of saving precludes the possibility of pursuing our primary concern and hence, we use a bivariate model of health and insurance equations in which the wealth variable is included as an explanatory variable.
Consider the following binary sample selection model. where y * i , i = 1,2, are latent variables; y 1 is the primary outcome variable of our interest, e.g. y 1 = 1: the case where y 1 = y * 1 is well known as the heckman sample selection model and the outcome of individuals who bought insurance policies and are hospitalized; y 2 = 1: the outcome of individuals who bought insurance policies; and i , i = 1,2, are random error terms, defined as equation 15, in which = cov(u 1 ,u 2 ). The observed data are y 1 , y 2 , x 1 , x 2 , while the parameters to be estimated are 1 , 2 and . if = 0, two equations y * i , i = 1,2, are independent and 1 can efficiently be estimated by a standard y 1 probit estimation. if ≠ 0, efficient estimate of the parameters can be obtained by the maximum likelihood method. The log likelihood function to be estimated is:
2 (z 1 z 2 , )dz 1 dz 2 are the univariate and bivariate standard normal cumulative distribution functions, respectively (Greene, 2012) . The density functions are defined as:
Thus, the maximum likelihood estimation is straightforward, provided that we can numerically evaluate the univariate and bivariate normal cumulative distribution functions.
note that we cannot use a simple bivariate probit routine to estimate our binary probit model in the text because of sample selection. if we ignore sample selection bias, the estimates will be biased. Furthermore, a two-step estimation procedure to correct the sample selection bias is not recommended either, since the bias factor appears as multiplicative rather than additive in equation.
For the standard heckman sample selection model with y 1 = y * 1 it is well known (Greene, 2012) that:
This result leads to a heckman's two-step estimation procedure with an inverse mills ratio correc-
Regarding the case of a binary probit model ignoring the sample selection, we have the binary sample selection model:
The conditional density function f (u 1 | | u 2 > −x 2 2 ) in the equation 20 can be written as (17) Pr(y * 2,i ≤ 0) = Φ 1 (−x 2 2 ) = 1 −Φ 1 (x 2 2 ), Pr (y * 1,i ≤ 0, y * 2,i ≤ 0) = Φ 2 (−x 1 1 , x 2 2 , − ) , and Pr(y * 1,i < 0, y * 2,i < 0) = Φ 2 (x 1 1 , x 2 2 ) (18)
2 and 2 (z 1 z 2 , ) = 1
by substituting the result of equation 21 into equation 20, we have
The second to last equality follows from a simple change of variable (sign), while the last equality follows from repeated applications of integration by parts as follows:
Under a standard univariate probit, we have E[y 1 ] = Φ 1 (x 1 1 ) so that the first two terms of the last equality in equation 22 represent the bias factor from ignoring the sample selection. hence, we know two things about this bias factor. First, if = 0, the bias factor reduces to one and the univariate probit estimation yields consistent estimates. Second, unlike the standard heckman's model, there does not appear to be a simple two step method to correct this bias in equation 22. This is not surprising, given the non-linear nature of binary models.
empirical Results
in the above comparative static analyses, we have shown how parameters of insurance policies affect health capital investment. in the following section, we examined if reality supports those theoretical predictions. For a comparative purpose, we used data from Japan and the United States. As mentioned in Section 2, the Japanese data was from the survey in the National Survey on Life Insurance: Fiscal Year 2000 (NSLI), whose sample size was 4,657 households. Due to missing values, the final Japanese sample size became 3,720. On the other hand, the US data was from Community Tracking Study Household Survey, 1996 -1997 , whose total observation was 60,446. Due to missing values, the final US sample size became 53,270. Since these two data-sets were different in their characteristics. For example, reimbursement for hospitalization through private life insurance policy by Japanese data but not the US data, and the maturity of private health insurance policy by the Japanese data, but not the US. however, our results fundamentally showed how consumers respond to changes in insurance characteristics since the focuses were health insurance purchase, hospitalization and health capital investment. Using each country's data, we estimated two models: a bivariate probit model and a heckman probit model. The variable descriptions and statistics for the Japanese data and the US data are reported in Tables 1 and 4 , respectively.
, where we set c = x 1 1 , a
, and F(x) = Φ 1 (x). 
The Results from Japanese Data
First, we discuss the results from Japanese data, reported in Tables 2 (bivariate model) and 3 (heckman probit). in each model, one of the dependent variables is "private health insurance," which equals 1 if the household head has private life insurance policies. Another dependent variable is "claimed," which equals 1 if the household receives coverage of hospitalization costs from insurance firms (see Table 1 for description and statistics of the variables used in this analysis). in general, the variable of education should be omitted neither from the private health insurance nor claimed equations. We were, however, unable to find the variable such as years of education of household head in the Japanese survey data and were consequently aware of an omitted variable problem in both equations. To mitigate such a problem, like the omitted-variable one, types of job were included, although those variables had their good reasons to be included in the models.
Of the private health insurance equation in Table 2 , the income and wealth variables are statistically significant and their estimates are positive. in our theoretical model, we indicated the sign of income was positive, while that of savings was indeterminate. With the wealth variable, we were rather more inclined to predict a negative effect of wealth in life insurance policies if the purpose of buying life insurance policies was for a saving purpose. According to our positive estimated coefficient on wealth variable, households purchase life insurance policies for the purpose of avoiding a sudden interruption of income stream. Concerning other variables of illness experience and males have positive estimated coefficients as expected. however, both coefficients are not statistically significant. That is, if the household head has a higher risk of getting sick, he/she would buy life insurance policies than those with less risk. Our illness experience variable is not the history of illness of household heads, but it is an average of its age category since our survey data does not have the history of sickness of household heads.
Of the hospitalization with claimed health insurance benefit equation in Table 2 , the effect of premium on variable of the hospitalization with claimed health insurance benefit is positive and not statistically significant. That is, an increase in insurance premiums paid will increase the probability of hospitalization among household members. in theory, an increase in insurance premiums will cause household head to substitute health capital investment for insurance policies. if so, the stock of health capital should rise and consequently lowers the risk of sickness. Since we observe a positive effect of price on Table 2 , i.e. insurance premium, we suspect some adverse selection of high-risk households. The variable of reimbursement for hospitalization, which is payment per day if the household head is hospitalized, is not statistically insignificant, which implies little moral hazard for *Discrete change of dummy variable from 0 to 1. insurance policy holders. The estimated coefficient of death benefit is positive and statistically significant. The results supported our hypotheses since insurance payments for a case of death of an insured household head is associated with health capital investment. however, the estimated coefficient of annuity payments by the maturity is independent of health capital investment. The variable of age is statistically significant and positive, while the squared term has a negative estimated coefficient. Since age is a proxy of health capital depreciation, as an individual gets older, the individual is more likely to get sick. in this case, the estimated coefficient of age needs to be positive and age 2 to be negative.
now, of the results of the heckman probit model in Table 3 , since the estimated coefficients of the variables in the private health insurance equation are nearly the same as those we discussed above, we will reflect on the results of the claimed equation of the heckman probit model. The estimated coefficients show the behavior of those who bought insurance policies. in other words, the hospitalization with claimed health insurance benefit is one of interest in this study.
The premium variable in Table 3 has a statistically significant positive effect on the variable of hospitalization with claimed health insurance benefit. We consequently do not reject an idea of adverse selection of high-risk households. Of other variables, those variables related to insurance *Discrete change of dummy variable from 0 to 1. payments for death benefit are statistically significant while annuity payments are not significant. The positive sign of death benefit shows the higher the risk of sickness in the household is, the more death benefit with the hospitalization a household has. The result itself does not indicate either an adverse selection or moral hazard problem (or both together) dominating since both problems will have positive effects on probability of getting sick.
income and wealth variables in Table 3 are also significant and the signs are the same as those of the "owing private insurance" equation in Table 2 . Since wealth is accumulated savings, the positive sign shows savings are a substitute for health capital investment (or health stock of capital). Then, to rationalize this substitution, an individual might accumulate wealth mainly not as annuity but inheritance for left family members or avoidance of interruption of income flow in Table 3 . We might say a purpose of inheritance is dominant over that of annuity in the household. This might be at least one of the explanations for the positive effect of wealth on the variable of private health insurance, i.e. purchasing more insurance policies as wealth rises.
The negative income effect on sickness (i.e. equation of "hospitalization with claimed health insurance benefit") is reasonable since a decrease in income will decrease the demand for health services (i.e. hospitalization) and, hence, individuals have less claimed. On the other hand, the positive effect of the variable of wealth on hospitalization with claimed health insurance benefit is not statistically significant and not intuitive.
The Results from US Data
in order to contrast, we also examine data from American individuals. however, we were not successful in obtaining similar US data to the Japanese counterparts. That is, the US data is not an integrated private health and life insurance policies, but from pure health insurance policies. The variable descriptions and statistics of US data are reported in Table 4 .
The results of the bivariate model are presented in Table 5 and heckman probit models are reported in Table 6 . The results of estimated coefficients are consistent between the bivariate and heckman probit models. The variable of household income in the result of "hospitalization" has a negative and significant estimated coefficient in the bivariate probit model in Table 5 and in the heckman probit model in Table 6 . We consider the negative effect based on the US results as justified and congruent with the positive effect based on the Japanese results in the hospitalization equation. This is relevant because the reasoning behind the behavior of individuals who bought health insurance policies is the subject of our interest in this study. An increase in income is associated with an increase in health stock, which leads to less hospitalization.
in Tables 5 and 6 , we have noticed the estimated coefficients of premium of insurance policies are both negative and statistically significant. The negative result obtained from the US data contrasts the positive result of the Japanese data, although the former again is of health insurance policies rather than the integrated health and life insurance policies like the Japanese case. Japanese private insurance policies have a variety of attractive features for consumers besides the benefits claimed if an insured person dies, and one of these attractive features is the monetary supplement paid out on a per-day basis if the insured becomes hospitalized. The negative coefficient is hypothesized as being higher premiums of health insurance policies cause individuals to substitute more health capital investment and, hence, they have lower risk of hospitalization.
The variables of household income in the results of "owing private health insurance" are both positive and statistically significant in Tables 5 and 6 . The results are congruent with Japanese results. For education, a household having higher income is more likely to purchase health insurance. medicaid is another interesting variable in that medicaid households are less likely to purchase private health insurance because of coverage by the state government program.
in Tables 5 and 6 , the variable of education in the result of "hospitalization" is statically significant and positive; this result is rather puzzling. An individual with better and more education will be more efficient in the production of health capital and, hence, have a higher demand for health capital stock and will be healthier than an individual with less education, ceteris paribus. Our result from the US data contradicted the theoretical hypothesis, although the Japanese data did not contain the variable of educational. A reason for this may be due to an omitted variable like a wealth variable, which may be positively correlated with an education variable and the variable of hospitalization. The variable of medicaid is positive and statistically significant; this implies individuals with medicaid people are more subject to higher risk of becoming ill.
Of the other variables in the hospitalization equation in Table 6 , some are consistent with our theoretical predictions while some are not. At the least, the negative effect of age is not consistent as long as the variable is a proxy for health capital depreciation because aging reduces the health capital stock and raises hospitalization. There is another possible answer to the negative effect on hospitalization: if the distribution of age in the US is young, the health stock will increase up to a certain age while decreasing the use of hospital services and then the health stock declines beyond a certain age with an increase in use of hospital services with aging. Those positive effects on the variables such as male, married, children, and white are as expected.
now, let us summarize our comparative studies of Japanese data and US data. The data is not the same in characteristics such as the former pertaining to purchasing private health insurance under the national health insurance program and the latter to private health insurance policies under non-nationalized health insurance program. Since both are health insurance related to purchasing, hospitalization, and health capita related issues, there are similarities and dissimilarities between them. First of all, a similarity of both results shows that households with higher income are more likely to purchase private health insurance and less likely to have hospitalization. The US price (premium) effect is negative in the heckman probit estimation while the Japanese premium effect is positive. A quick answer for the positive and negative effects lacks a definite answer of existence of adverse selection and/or moral hazard. Some other similarities are of the positive effects of income, married, and children on risk in the hospitalization estimation, and the positive coefficients are always statistically robust.
besides the effect of income there are some other variables which have different signs between the two countries. First, the age variable has a positive effect on risk of hospitalization in the case of Japanese data, whose sign conforms to our theoretical prediction, while the sign is negative in the US data. Another variable is that of gender such as male, whose variable has a negative effect on the risk of hospitalization in the Japanese case, while it is positive for the US case. in general, we consider it more natural that males are more prone to sickness than females. 
summary and conclusions
by simply looking at the relationship between risk of hospitalization of individuals (or households) and insurance premiums paid per household, we noticed a positive and slightly concave relationship. Then, we wondered why households or individuals are more likely to become sick once if they have paid higher insurance premiums. Then, we referred to Grossman (1972) as a starting point; his pioneer paper on the demand for health shows better health will increase healthy days, which implies that a healthy individual should have a longer life than an individual that is less healthy. if so, then the individual would decide his/her optimal behavior in allocating income among health capital investment, health insurance policies, and savings. While these three types of income expenditures seem intertwined, we treat savings as exogenous while expenditures on health capital investment and health insurance policies are endogenous in our model.
Our theoretical model, using a von neumann-morgenstern utility function of a two-period model, shows how expenditures on health capital investment and health insurance policies change and shows changes in the parameters of insurance policies. To prove our theoretical predictions, we used two different data-sets for a comparative purpose: one is Japanese data from the survey in the National Survey on Life Insurance: Fiscal Year 2000 (NSLI) , whose sample size is 4,657 households, and the other is the US data from the Community Tracking Study Household Survey, 1996 -1997 United States, whose sample size is 60,446 households. Due to missing values, the final Japanese sample size became 3,720 and the US data became 53,270.
Of these two data-sets, we found some similarities and dissimilarities between Japan and the United States. As a similarity, the number of insurance policies bought by a household has a strongly positive effect on the risk of hospitalization of individuals. The income effect on hospitalization is negative for both countries since an increase in income is associated with health capital stock, which leads to less hospitalization. The income effect for owing private health insurance is positive for both countries since the health insurance is a normal good. Another similarity for both countries is the illness experience; this has a positive influence on owing health insurance. The US case reveals statistically significant results which seem to be an idea of adverse selection under the market-oriented private health insurance system, while Japan is under a national health insurance program. The results of the data-set from Japan and the US did not show a robust aspect of the possibility of adverse selection by the health insurance policies.
As a typical difference, the insurance premium effect on risk of hospitalization is positive for the Japanese case, while negative for the US case. Since the integrated private Japanese health and life insurance has unique features (such as payments per day of hospitalization if household gets hospitalized, insurance payments upon death of an insured, and annuity payments at maturity) an increase in premium is related to variety of characteristics of health and life insurance policy coverage, which includes hospitalization. Thus, we do not eliminate a possibility of adverse selection. For the US pure health issuance characteristics, an increase in premium of health insurance policies causes individuals to substitute more health capital investment, which causes lower risk of hospitalization. Another difference between the two countries is seen in the age effect (i.e. health stock depreciation) on risk of hospitalization. This effect is positive for the Japanese case but negative for the United States. The age variable is proxy for the health stock depreciation with aging, which causes more hospitalization by aging. it is the theoretically sounded prediction. There is another possibility for the negative effect on hospitalization-if the distribution of age in the US is young-the hospitalization declines first and then increases with aging. Thus, the health stock will increase up to a certain age while the use of hospital services decreases and then the health stock declines beyond a certain age while use of hospital services increases with aging.
A few limitations were encountered during this study. First, the Japanese data has variables on wealth but not education, while the US data has variables on education but not wealth. A choice of private health insurance is associated with individual educational level, health status, risk preference, etc. in addition to the other variables that we included in this study. Thus, a lack of information of individual characteristics from data may lead results to omit variable bias. Second, the effects of the Japanese wealth variable and the US education variable are also statistically positive. While both positive effects are counter intuitive, the positive effect of the former may be defended if good health and savings are substitutes. On the other hand, a positive effect of education on the risk of hospitalization may not be justifiable since the education is a proxy for health knowledge and health production efficiency. Third, our study did not cover the US Government
